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1. 

3,273,148 
TERRAIN-VEWNG SYSTEM 

Albert G. Wood, Pleasantville, N.Y., William W. Fenn, 
Old Greenwich, Conn., Thomas D. Kegelman, West 
Nyack, N.Y., and Howard S. Halpern, Stamford, Conn., 
assignors to United Aircraft Corporation, East Hart 
ford, Conn., a corporation of Delaware 

Filed Dec. 14, 1959, Ser. No. 859,489 
24 Claims. (C. 343-1) 

This application is a continuation-in-part of our copend 
ing application, Serial No. 757,485, filed August 27, 1958, 
now abandoned. 
Our invention relates to a terrain-viewing system and 

more particularly to a radar or sonar system which pro 
vides the pilot of an aircraft or submarine with a clear 
and readily interpreted picture of the terrain being ap 
proached by the craft. 

If the pilot of an aircraft were provided with a realistic 
picture of the terrain being approached by the aircraft, he 
would be capable of piloting the aircraft as well in foul 
weather as in clear weather without resistance from the 
ground. For ready interpretation the picture presented to 
the pilot should resemble as closely as is possible the view 
the pilot would have if he were looking directly at the 
terrain on a clear day. A system providing an aircraft 
pilot with such a picture would not only be a valuable aid 
in landing and in navigating but also would be of use to 
a military aircraft in low altitude attacks. Many attempts 
have been made in the prior art to produce a radar system 
which affords the pilot of an aircraft a clear view of the 
terrain lying ahead of the aircraft. None of these at 
tempts have provided a satisfactory display. 
The problem involved in providing a display of the type 

discussed hereinabove is that of representing three-dimen 
sional terrain, involving azimuth, elevation, and range, on 
the two-dimensional screen of a display tube. A number 
of different systems for reproducing terrain on an airborne 
radar have been proposed in the prior art. For example, 
it has been suggested that the information be presented 
as an altitude difference between a horizontal reference 
plane through the aircraft and the terrain versus slant 
range for a particular azimuth heading. This system af 
fords an indication of the terrain with respect to the air 
craft for a given azimuth. This system embodies the 
defect that it does not give the pilot information as to 
whether or not it is safe to change the heading of the 
aircraft. 

In another system it has been suggested that the video 
signal be gated so that only return from terrain which 
lies above a certain altitude is displayed in a PPI map of 
the area being scanned. This display shows only terrain 
high points and embodies the defect that it gives no indica 
tion of the relative altitude of the high points appearing on 
the display. This PPI display requires interpretation by 
the pilot which, over terrain having no land-to-sea bound 
aries is extremely difficult. The PPI display is in many 
cases Superfluous to the pilot for whom a terrain-clear 
ance, radar system is intended. 
The use of intensity variations to indicate altitude dif 

ferences has not been satisfactory since the eye is not 
a good judge of absolute intensity. 

Other systems have used the lack of return from some 
range increment behind an obstacle to indicate the exist 
ence of an obstacle. This system fails against slowly ris 
ing terrain. The generated shadow itself cannot indicate 
the range from the aircraft to the obstacle. 
From the foregoing discussion it will be apparent that 

radar, terrain-viewing systems of the prior art have not 
proved satisfactory since they do not meet all the require 
ments of the pilot of the aircraft. None of those systems 
presents a clear picture of the terrain requiring very little 
interpretation on the part of the pilot. A good radar, 
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2 
terrain-viewing system must be sufficiently accurate as to 
inspire confidence in the use of the device. There should 
be no degradation of performance of the system as the 
radar beam approaches and leaves the top of an obstacle 
or the radar horizon. Such a system should present a con 
tinuous display of information leaving no gaps. The dis 
play of the system should permit immediate assimilation 
of the clearance situation without need for interpretation. 
This requirement can be fulfilled by providing a three 
dimensional display which will be familiar to a pilot hav 
ing no radar experience. 

Similarly, Sonar displays of the prior art have most gen 
erally been type A or PPI. While these displays are ade 
quate against surface ships and other floating objects, yet 
they are not satisfactory for submarines which operate 
in a three-dimensional medium and require further in 
formation to avoid natural underwater obstacles and Sub 
merged objects such as mines, and other submarines. 
We have invented a radar, terrain-viewing system which 

presents the pilot of an aircraft with a clear picture of 
the terrain being approached by the aircraft. Our Sys 
tem affords a display requiring very little interpretation by 
the pilot. There is no degradation in performance of 
our system as the radar beam approaches and leaves the 
crest of an obstacle or at the radar horizon. All ridges 
and hilltops are clearly outlined, near slopes are darkened 
and receding slopes are brightened, if they are visible. 
The horizon shows as a bright line dividing the variably 
shaded land from the black sky. 
We have invented a sonar, terrain-viewing system which 

presents the pilot of a submarine with a clear picture of the 
ocean floor within the usual limits of range. No degrada 
tion in performance results from the sonar beam ap 
proaching the crest of an underwater obstacle. All under 
water ridges are clearly outlined. All objects within 
sonar range are portrayed in coordinates involving eleva 
tion angle and azimuth. 
One object of our invention is to provide a radar, ter 

rain-viewing system which affords the pilot of an aircraft 
a clear picture of the terrain being approached by the air 
craft. 
Another object of our invention is to provide a radar, 

terrain-viewing system which affords a picture requiring 
very little interpretation. 
A further object of our invention is to provide a radar, 

terrain-viewing system in which the crests of ridges and 
hills are emphasized. 
A still further object of our invention is to provide a 

radar, terrain-viewing system in which near slopes are 
darkened. 

Still another object of our invention is to provide a 
radar, terrain-viewing system which continuously displays 
information without gaps. 

Still a further object of our invention is to provide a 
Sonar, terrain-viewing system which affords a clear, con 
tinuous, and easily interpreted picture wherein underwater 
ridges are emphasized and all objects within sonar range 
are portrayed in a natural coordinate system. 

Other and further objects of our invention will appear 
from the following description. 

In general, our invention contemplates the provision of 
a terrain-viewing system including a vertical monopulse 
antenna having upper and lower reflected signal sensors. 
We provide the antenna with a conventional azimuth scan 
ning motion. The angle between the antenna boresight 
line and a longitudinal reference line fixed with respect 
to the aircraft or submarine is a fixed or slowly varying 
angle. The elevation angle between the antenna boresight 
line and the instantaneous center of return is a rapidly 
varying angle because the instantaneous center of return 
moves, during a single pulse, over the entire terrain illu 
minated by the pulse. 
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We obtain a measure of the angle between the antenna 
boresight line and the instantaneous center of return by 
determining the phase difference between the signals re 
ceived by the respective upper and lower reflected signal 
sensors. Some predetermined function of this phase dif 
ference is then applied to the vertical deflection plates or 
coil of a display tube. Thus our vertical Sweep is con 
trolled by the vagaries of the terrain from the nearest 
point of return out towards the horizon or to the limits 
of the signal-to-noise ratio. 
We obtain the display tube horizontal deflection signal 

in a conventional manner from the azimuth-scanning Sys 
tem. With signals applied to the display tube, the picture 
closely resembles the view a pilot would have of the ter 
rain on a clear moonlit night. 
In the accompanying drawings which form part of the 

instant specification and which are to be read in conjunc 
tion therewith and in which like reference numerals are 
used to indicate like parts in the various views: 
FIGURE 1 is a view of the terrain being scanned as 

seen by the naked eye on a clear moonlit night. 
FIGURE 2 is a view of the display provided by our 

radar, terrain-viewing system. 
FIGURE 3 is a diagrammatic view illustrating the man 

ner in which we obtain the elevation angle signal in our 
terrain-viewing system. 
FIGURE 4 is a schematic view showing one form of 

our radar, terrain-viewing system. 
FIGURE 5 is a schematic view showing one form of 

our Sonar, terrain-viewing system. 
As has been explained hereinabove, in our system we 

develop a deflection voltage which is a function of the 
elevation angle of the instantaneous center of return of the 
reflected signal. Referring now to FIGURE 3 of the 
drawings, the receiving system of our system includes an 
upper signal sensor 12 and a lower signal sensor 14. We 
have indicated the fixed longitudinal reference line in the 
craft by the broken line in FIGURE 3 and have shown 
the antenna boresight line as a dot-dash line. From the 
figure it can readily be seen that the space lag l between 
the signal received by the upper sensor 12 and the signal 
received by the lower sensor 14 is determined by the re 
lationship: 
(1) 

Acis 
360° 

where d is the distance between the pair of sensors, (3 is 
the angle between the instantaneous center of return P 
and the antenna boresight line, Agb is the phase difference 
between the signals received by the respective pair of 
Sensors, and A is the carrier wave length of the system. 
From Equation 1 it can readily be seen that the angle (3 
may be determined by measuring the phase difference Agb 
between the signals received by the respective upper and 
lower sensors 12 and 14. 

Referring now to FIGURE 4, respective wave guides 
16 and 18 feed the energy received by the respective 
horns 13 and 15 to hybrid duplexers 20 and 22. As is 
known in the art, each hybrid junction 20 and 22 may 
be arranged to couple energy from its associated wave 
guides 16 and 18 to a respective receiver input circuit 
wave guide 24 or 26 without transferring energy to its 
associated transmitter output circuit wave guide 28 or 30. 
Each of the junctions 20 and 22 includes a suitable trans 
mit-receive device which permits energy to be coupled 
from guide 28 to guide 16 and from guide 30 to guide 18, 
respectively. The transmitter 32 of our system controls 
the frequency of a local oscillator 34 through an auto 
matic frequency control circuit 36. A power divider 38 
couples energy from the transmitter 32 to the respective 
duplexers 20 and 22. 
The wave guides 24 and 26 supply respective balanced 

mixers 40 and 42 which heterodyne the signals of the 

l=d sin (3= A 
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4 
respective wave guides 24 and 26 with the output of the 
local oscillator 34. The intermediate frequency output 
signals of mixers 40 and 42 are coupled by conductors 44 
and 46 to the inputs of wide-band and low phase shift 
intermediate frequency amplifiers 48 and 5t), respectively. 
As has been explained hereinabove, the required vertical 
deflection signal is determined by the phase difference Ap 
between the signals received by the respective upper and 
lower horns 13 and 15. In order to prevent the relative 
amplitudes of the intermediate frequency signals from 
affecting the elevation angle deflection signal, we pass the 
respective limiters 52 and 54, which, as is known in the 
respective output signals of amplifiers 48 and 50 through 
art, clip the waves to the same amplitude. We feed the 
respective, clipped, intermediate frequency signals to a 
balanced phase detector 56, which, as is known in the 
art, produces an output signal representing the phase dif 
ference between the input signals. A phase shift adjust 
ment 27 is provided in wave guide 26 to balance the system 
so that the output of phase detector 56 is zero when f3 is 
zero, for example. From the foregoing discussion it will 
be apparent that the output channel 58 of the phase de 
tector 56 normally carries a signal which is a measure of 
the angle (3 between the antenna boresight and the in 
stantaneous center of return. In order to provide a deflec 
tion voltage which is proportional to the angle between 
the longitudinal fixed reference line and the instantaneous 
center of return, we pass the signal on the output channel 
58 through a circuit 60 which adds to this signal a bias 
from a source 59 which provides a voltage proportional 
to the angle or between the antenna boresight axis and the 
aircraft reference line. 
A gating circuit 62 normally passes the sum output 

signal on the output channel of circuit 60 to a boxcar 
circuit 64, the output signal of which is coupled through 
a nonlinear circuit 65 to the vertical deflection terminal 66 
of a display tube 68. An azimuth scan and sweep genera 
tor 70 causes the antenna system to scan in azimuth and 
produces a corresponding signal which is applied to the 
horizonal deflection terminal 72 of display tube 68. 

It is desired that the pattern of transmitted radiation be 
a vertical knife-like plane subtending a small azmuth 
angle for highest resolution. Accordingly, horns 13 and 
15 are shown shaped to produce such pattern. Alter 
natively, as is well known to the art, this directivity pattern 
may be produced by an antenna reflector which may 
provide cosecant-squared illumination, if desired, along 
the knife-like vertical plane. A roll stabilizer 88 main 
tains the horns 13 and 15 in a vertical disposition so that 
the radiation pattern remains a vertical plane. In order 
that the display rotate with aircraft roll displacement, the 
roll stabilizer 88 is coupled to the display tube 68. As is 
well known in the art, the picture may be rotated either 
by revolving the entire picture tube 68, or, if magnetic 
deflection is used, by revolving the deflection yoke. Thus 
the picture is apparently not stabilized and will tilt as the 
aircraft rolls. 
From the foregoing it will be seen that the vertical posi 

tion of the cathode-ray tube illuminated spot is a measure 
of the angle or plus (3 between the aircraft reference line 
and the instantaneous center of return. Each pulse causes 
the illuminated spot to trace a vertical line representing 
the ground from the nearest point of return of the radar 
beam to the horizon. In the system as considered so far, 
the intensity of the beam is nominally constant. The rate 
at which the angle (3 changes, and thus the rate at which 
the signal applied to terminal 66 changes, is a function of 
the terrain. It will be apparent that 6 changes rapidly 
as the instantaneous center of return sweeps up the near 
side of a hill being approached and changes less rapidly 
as it sweeps over the crown of the hill. As a result, the 
spot of the cathode-ray tube is deflected rapidly through 
the distance on the display tube corresponding to the ele 
vation angle increment of the near side of the hill and less 
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signal as the beam passes over the crest of a hill or the 
top of an obstruction, further to emphasize this change in 
terrain. As a result, the picture appearing to the pilot as 
is shown in FIGURE 1 includes dark, steep slopes and 
relatively lighter crests with highlighted ridges. Sharp 
vertical obstructions appear dark with a bright line along 
the top surface. In addition, the boxcar circuit produces 
a bright line dividing the relatively lighter terrain from 
the black sky. Consequently, a natural and familiar pic 
ture is presented which requires little interpretation by the 
pilot. Further, the range lines at preselected intervals 
enable the pilot to judge the distance to the various ter 
rain features shown on the screen. As the craft dives 
and climbs, the horizon will move up and down. As the 
craft rolls left and right, the horizon will tilt right and 
left. 

Other information can be superimposed upon the ter 
rain clearance presentation. Examples of Such Super 
imposed signals are command signals, moving target in 
dication signals, and radar return amplitude signals. The 
input signals to be superimposed upon the picture are 
thus shown in the coordinates of the terrain clearance 
presentation. In FIGURE 4 the signals to be superim 
posed are obtained from circuit 80. The outputs of in 
termediate frequency amplifiers 48 and 50 are combined 
in an amplitude adder and impressed on circuit 80 in 
order to obtain in a radar return amplitude indication. 
The output of circuit 80 is connected to the color control 
terminal 79 of display tube 68. It will be appreciated 
that the output of circuit 80 may also be connected to the 
intensity control terminal 78. 
As will be appreciated by those skilled in the art, the 

energy from the transmitter 32 could, with equal advan 
tage, be radiated from a third and separate antenna feed 
horn to illuminate a vertical plane of small azimuthal 
increment. In such event horns 13 and 15 would merely 
receive the reflected radiation transmitted from the third 
feed horn; and duplexers 20 and 22 would be merely 
on-off type switching devices. 

Nonlinear circuit 65 may be used to correct for error 
introduced by the second term of Equation 4 and for 
possible error introduced by equipment non-linearities. 
Circuit 65 may comprise a biased diode network or other 
nonlinear device as is well-known to the art. Circuit 65 
introduces some foreground compression to reduce the 
flat-earth intensity correction and to expand the remain 
der of the display. The flat-earth intensity correction cir 
cuit 84 and the non-linear vertical sweep circuit 65 co 
operate to correct for the foreground darkening effect of 
the second term of Equation 4. 

Other aircraft will be visible in the display. Generally 
return from another aircraft will be accompanied by a 
ground return if the terrain at the same distance as the 
other aircraft is not in radar shadow. However, aircraft 
make good radar targets, while the ground return is 
relatively weak. Thus the aircraft return will predomi 
nate. The cathode-ray tube beam will be momentarily 
deflected upwardly. Since this deflection is so brief, the 
other aircraft would hardly be visible in the display. 
However, the large output of adder 90 causes circuit 80 
to color and to intensify the aircraft return. Hence an 
other aircraft will clearly appear as a bright, colored 
spot. Because of the simultaneous ground return, another 
aircraft will be presented slightly below its true position; 
but the error in elevation angle will generally be insig 
nificant, since ground return will usually be small com 
pared with the return from the other aircraft. The square 
wave pulse representing another aircraft will cause only 
a momentary gap in information about the surface of 
the earth. This creates a black spot in the presentation 
of terrain at the same distance as the aircraft. By com 
paring the position of the black spot with the illuminated 
range lines, the distance of the other aircraft is readily 
determined. 
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3. 
Referring now to FIGURE 5, we have shown a form 

of our sonar terrain viewing system in which the coor 
dinates of the display, rather than being elevation angle 
and azimuth, as in FIGURE 4, are instead altitude or 
depth and azimuth. We provide a pair of vertical mono 
pulse Fessenden transducers 116 and 18 which, as is 
well known in the art, are tuned, moving coil, electro 
magnetic devices adapted for use as underwater Sound 
generators and detectors. Fessenden transducer 116 op 
erates into a directional horn 13; and transducer 118 
operates into a directional horn 15. A duplexer, trans 
mit-receive switch 20 is adapted to connect transducer 
116 either to conductor 144 or to the output conductor 
182 of oscillator 132. A duplexer, transmit-receive 
switch 22 is adapted to connect transducer 18 either 
to conductor 46 or to the output conductor 82 of OS 
cillator 132. Since the carrier frequencies employed are 
usually less than 100 kilocycles, there is no need for 
heterodyne frequency conversion as in the radar appli 
cation of FIGURE 4. Conductor 44 is connected to 
the input of an amplifier 48; and conductor 146 is con 
nected to the input of amplifier 150. Amplifiers 148 
and 159 preferably have wide-pass bands centered at the 
carrier frequency and thus introduce low phase-shift 
and hence low differential phase-shift. The outputs of 
amplifiers 148 and 150 are clipped by respective lim 
iters 52 and 154 to equal amplitudes. The outputs of 
limiters 152 and 154 are impressed upon an amplitude 
comparator 74. The outputs of limiters 52 and 154 
are also impressed upon a vector difference circuit 153 
which, as will be appreciated by those skilled in the 
art, linearly combines the outputs of the limiters with 
due regard to the phase aingles of the signals. The out 
puts of the limiters are further impressed on a vector 
sum circuit 155 which, as will be appreciated by those 
skilled in the art, linearly combines the outputs of the 
limiters with due regard to the phase angles of the sig 
nals. A dividing circuit 157 is responsive to the outputs 
of the vector difference circuit 153 and the vector sum 
circuit 55 and provides on output conductor 158 a sig 
nal equal to the output of circuit 53 divided by the 
output of circuit 155. Dividing circuit 157, as will be 
appreciated by those skilled in the art, may comprise 
an implicit feedback multiplying circuit which multi 
plies the output of circuit 155 by an assumed value of the 
quotient and compares this product with the output of 
circuit 153 to drive a high gain amplifier for supplying 
the assumed value of the quotient. Such multiplying 
circuits are well known in the art and may comprise, for 
example, a modulator which is supplied with a first fre 
quency voltage of an amplitude proportional to the as 
sumed value of the quotient and a second frequency volt 
age proportional to the output circuit 155 and is tuned 
to the difference frequency or the sum frequency to ex 
tract the product. It can be shown that the vector dif 
ference divided by the vector sum is equal to the tangent 
of one-half the phase angle Agb. Since the tangent of a 
small angle is approximately equal to the angle expressed 
in radians, the output of dividing circuit 57 which ap 
pears on conductor 158 is approximately proportional 
to Ap/2. Both the multiplying circuit 163 and the di 
viding circuit 157 should be phase-sensitive, two-quadrant 
devices for producing both positive and negative signal 
outputs. An adder 160 combines the output signal on 
conductor 158 with a voltage from source 59 which 
is proportional to the angle a between the horizontal 
axis of the submarine and the antenna boresight axis 
and further with the pitch output signal from a vertical 
gyro horizon 16. Thus the output of adder 160 indi 
cates the angle of the instantaneous center of return 
of reflected sound relative to a true horizontal plane. The 
transmitted output pulse from oscillator 132 appearing 
on conductor 182 synchronizes a linear ramp generator 
177 which produces a saw-tooth rising voltage with sub 
stantially constant slope with increasing time. The out 
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rapidly through the distance on the tube corresponding 
to the elevation angle increment at the crown of the hill. 
Owing to this action, the picture brightness varies with 
variation in the rate of change of the elevation angle. 
This causes the crown of the hill to be highlighted; and 
the intensity of the beam at any point on the display 
affords a measure of the slope of the terrain at that point. 
We have illustrated this characteristic of our system in 

FIGURE 2, which is the picture presented to the pilot by 
our system when scanning an area such as is shown in 
FIGURE 1. In FIGURE 2 the areas A representing the 
near sides of hills are shown as being relatively dark as 
compared with the areas B representing the crowns of 
hills. The area C representing the sky above the horizon 
has been hatched to indicate black. 
We have pointed out hereinabove that the angle (3, and 

thus the signal applied to terminal 66, varies with a change 
in the slope of the terrain. This fact may readily be 
demonstrated analytically. As can be seen by reference 
to FIGURE 3, the relationship between the angle (3, the 
slant range R and the distance h of the instantaneous 
center of return from the antenna boresight extended is 

(2) sin 8– 
To find the rate of change of the elevation angle with 
respect to time, we differentiate Equation 2 to arrive at 
the expression 
(3) Rdhfdt-hdR/dt 

R2 cos 3 
The term dr/dt is half the velocity of light C for radar 
applications and is half the velocity of sound in water for 
sonar applications. Substituting for dR/dt in Equation 3 
we obtain 

(4) dhildt hC 
I cos 3 2 (2 cos 6 

The first term of Equation 4 contains the terrain slope 
information. This term corresponds to the rate of change 
of 6 as the displacement changes as the instantaneous 
center of return sweeps over the terrain. The second 
term of Equation 4 contains the error in the desired rate 
of change of elevation angle during level flight over fiat 
terrain. Since h/R= sin (3, this second term may also 
be expressed as C tan (3/2R. The effect of this second 
term is to reduce the dwell time of the cathode-ray beam 
on the foreground display thereby darkening the fore 
ground. This effect may readily be overcome by apply 
ing to the intensity control grid 78 of the cathode-ray 
display tube 68 a flat-earth correction voltage which de 
creases with time after a transmitted pulse. 
We provide our system with means for preventing 

shadow caused by lack of return when the beam sweeps 
over the crest of a hill. When the return falls below a 
predetermined level, the limiting circuits 52 and 54 cease 
to function and the signals on the output channels of 
these circuits have different respective amplitudes. It is 
desirable that this amplitude difference be prevented from 
affecting the operation of the system and that the vertical 
deflection voltage be maintained constant until the signal 
again reaches the level of the limiters. We connect an 
amplitude comparator 74 between the output signals of 
limiters 52 and 54. When the return falls below a certain 
level, an amplitude difference exists in the signals on the 
output channel of limiters 52 and 54. At this time com 
parator 74 produces an output signal which is fed to 
gating circuit 62 to block the output signal from circuit 
60. At this time, owing to the lack of any input pulses, 
the boxcar, pulse lengthening, circuit 64 operates in a 
manner known to the art to maintain the last signal fed to 
the circuit until the return again rises above the predeter 
mined level to restore the input to the circuit 64. When 
this restoration takes place, limiters 52 and 54 again 
function, causing the output signal of comparator 74 to 
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6 
circuit 60 to pass through the gating circuit 62. As is 
known in the art, boxcar circuit 64 may comprise a sim 
ple storage capacitor. Thus during the period of time 
an obstacle casts a radar shadow, the boxcar circuit holds 
constant the vertical deflection voltage of the cathode ray 
tube. The consequent increase in spot dwell time of the 
cathode ray tube causes an increase in image intensity 
and clearly outlines ridges and hilltops. 
We provide our system with a range gate generator 76 

of any suitable type known to the art which produces 
pulses at recurrent intervals. We provide a flat-earth 
correction circuit 84 for producing a voltage which de 
cays with time corresponding to the second term of Equa 
tion 4. As is well known to the art, circuit 84 may com 
prise a simple R-C circuit for producing a decaying ex 
ponential voltage. Flat-earth correction and range gate 
generators 34 and 76 are synchronized by pulses from 
transmitter 32; and the outputs of these generators are 
combined in an adder 36 and impressed on the intensity 
control terminal 78 of the display tube 68. The picture 
will be of a more uniform brightness without foreground 
darkening; and a series of bright lines will be produced 
which mark predetermined ranges. The range lines on 
the display move more rapidly over the portion of the 
display representing the near side of hills than against 
flat terrain at the same distance. These lines are espe 
cially useful in flying over flat terrain. 

In operation of our radar terrain presentation system, 
the area to be observed is scanned by azimuth sweep 
generator 70 which produces a horizontal defection volt 
age, causing the cathode-ray tube spot to move across 
the tube synchronously with movement of the antenna 
in azimuth. Radar pulses generated in the transmitter 
32 are fed through the power divider 38 and through the 
respective duplexers 20 and 22 to horns 13 and 45 which 
illuminate a small azimuth increment. Reflected radia 
tion from the instantaneous center of return P is received 
by the horns 13 and 15 and is fed by the respective guides 
16 and 18 through duplexers 20 and 22 to the mixers 
40 and 42. Mixers 40 and 42 produce intermediate fre 
quency signals which are fed through amplifiers 48 and 
50 to limiters 52 and 54. In normal operation of the 
system the limiters clip the intermediate frequency signals 
and feed these signals to the phase detector 56. As has 
been explained hereinabove, the phase detector 56 pro 
duces an output signal which is proportional to the phase 
difference between its input signals. This signal is a 
measure of the angle (3 between the instantaneous center 
of return and the antenna boresight. Circuit 60 adds 
to this signal a bias voltage from source 59 proportional 
to the angle between the reference line in the aircraft 
and the antenna boresight to produce a sum signal which 
is fed through circuit 65 to the vertical deflecting terminal 
66 of the tube 68. This signal at all times indicates the 
elevation angle of the instantaneous center of return. 
Each reflected pulse causes the cathode-ray tube spot to 
trace a vertical line representing the ground from the 
nearest point of return to the horizon. At the same 
time, circuit 84 generates an intensity control voltage 
which compensates for the assumed flat-earth condition 
to reduce foreground darkening; and generator 76 pulses 
the intensity control input 78 to produce a series of range 
lines on the tube 68. The result of this operation is a 
picture on the tube 68 which resembles the area being 
viewed as it would appear to the pilot on a moonlit 
night. Since the vertical deflection signal is proportional 
to the rate of change of slope of the terrain, the angle (3 
changes rapidly as the instantaneous center of return 
Sweeps up the near side of a hill being approached. Con 
sequently, the dwell time of the spot during this portion 
of its travel is small and the terrain appears dark in this 
area. At the same time the crest of the hill is high 
lighted owing to the fact that the spot dwell time in 
creases as the beam passes over the crest of the hill. The 

drop to zero again and permitting the output signal from 75 boxcar circuit 64 prevents shadows by maintaining the 
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put of ramp generator 177 is an indication of the time 
elapsed from the transmission of a pulse by oscillator 
132 and hence an indication of the range from which re 
flected Sound is received. The outputs of ramp gen 
erator 177 and adder 160 are combined in a multiplying 
circuit 163 which may be similar to the multiplying cir 
cuit incorporated in the feedback dividing circuit 57. The 
output of multiplying circuit 163 is impressed upon a 
gate circuit 162 which normally passes the signal. The 
output of gate 162 is connected forwardly through a 
crystal 165 to the input of a low-pass filter comprising 
a Series resistor 167 and a shunt storage capacitor 64. 
The output of amplitude comparator 174 controls the 
operation of gate 162. The output of the low-pass filter 
is connected forwardly through a crystal 71 to a first 
input of an adding circuit 177. A transmitted pulse from 
Oscillator 132 appearing on conductor 182 actuates a 
reset circuit 175 which discharges storage capacitor 164. 
The output of gate A62 is connected forwardly through 
a crystal 169 to the first input of adder 177. The pitch 
output of gyro 161 is connected to a second input of 
adder 177. The output of adder 177 is connected to 
the vertical deflection terminal 166 of a display tube 168. 

It is desired that the pattern of transmitted sound be a 
Vertically disposed beam subtending a small azimuthal 
angle. Accordingly, horns 113 and 115 are shown shaped 
to produce Such patterns. An azimuth scan and sweep 
generator 170 causes the horns to scan in azimuth and also 
produces a corresponding signal which is applied to the 
horizontal deflection terminal 172 of the display tube 168. 
A roll stabilizer 188 maintains the horns 113 and 115 in 
a vertical disposition so that the sound pattern remains a 
vertical plane despite submarine Toll. In order that the 
display also rotate with submarine roll displacement, the 
roll stabilizer 188 is coupled to the display tube 168. The 
picture may be rotated either by revolving the entire pic 
ture tube 168 or, if magnetic deflection is used, by re 
volving the deflection yoke. Thus the picture is appar 
ently not stabilized and will tilt right and left as the 
Submarine rolls left and right. 

In the form of our invention shown in FIGURE 5, the 
vertical position of the cathode-ray tube spot is a meas 
ure of the depth of the terrain rather than of the elevation 
angle as in FIGURE 4. In FIGURE 3, if the dotted line 
represents a true horizontal axis, then the true depth Ah 
of the ocean floor may be expressed as 
(5) Ah=R sin (O-6) 
where R is approximately equal to R, which in turn is 
approximately equal to Ru. Since the sine of a small 
angle is approximately equal to the angle expressed in 
radians, the output of multiplying circuit 163 is approxi 
mately proportional to Ah. The pitch signal from gyro 
16 thus adds to the angle (cy--(3) a signal representative 
of the deviation of the dotted line representing the hori 
Zontal axis of the submarine from the true horizon. The 
intensity of the display varies with the rate of change of 
depth and hence with the slope of the terrain. A steeply 
rising ocean floor is painted brighter. Again the crowns 
of underwater ridges are highlighted; and the intensity 
of any region in the display is a measure of the slope of 
the ocean floor in that region. 
The picture approximates that which would be pre 

sented to an observer at an infinite distance looking 
through a telescope of infinite magnification. In order 
to avoid confusion, it is necessary that the cathode-ray 
tube spot never move downwardly on the display as 
would tend to happen on the far side of a ridge which 
is visible from the submarine but which would not be 
visible to an observer at an infinite distance. Crystal 
165 permits storage capacitor 164 to be only positively 
charged. If the depth of the ocean floor increases, no 
current can flow backwardly through crystal 65; and 
capacitor 164 will maintain a constant vertical deflection 
voltage at terminal 166. Again this will cause highlight 
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ing of underwater ridges and other obstructions. Because 
of the necessary provision of rectifier 165, the storage 
capacitor 164 must be discharged by reset circuit 175 in 
response to a transmitted pulse from oscillator 132 appear 
ing on conductor 182. If the far side of an underwater 
ridge or obstruction is sufficiently steep to be in sonar 
shadow, then limiters 152 and 154 will not be driven to 
Saturation; and an output signal from comparator 174 
Will render gate 162 nonconducting so that the output of 
multiplying circuit 163 is ineffective to change the voltage 
Stored in capacitor 164. Thus all underwater ridges or 
obstructions will be clearly outlined whether or not the 
far side is visible from the submarine. 
As shown in FIGURE 4, we may provide a range gate 

generator synchronized by oscillator 132 for producing a 
series of pulses which may be coupled to the intensity 
control grid in order to produce range lines which move 
over the ocean floor. It may also be desirable to provide 
some nonlinear circuit correction between adder 177 and 
the cathodes of crystals 169 and 171 to modify the signal 
at the vertical deflection terminal 166 and perhaps some 
flat earth intensity correction, as shown in FIGURE 4, to 
compensate for errors introduced by the approximation 
that the tangent of half the phase angle is proportional to 
the sine of the phase angle for that portion of the ocean 
floor in the extreme foreground where the phase differ 
ence Ad) may not be a Small angle. 
Again, as in FIGURE 4, command signals, moving 

target signals, and Sonar return amplitude signals may be 
superimposed by either color variation or intensity varia 
tion on the display. Other surface ships, mines, and 
submarines will be visible in the display. Generally, re 
turn from such other objects will be accompanied by a 
return from the ocean floor if the terrain at the same 
distance as the other object is not in sonar shadow. How 
ever, such other objects make good sonar targets, while 
the return from the ocean floor is relatively weak. Thus 
the return from such other objects will predominate. 
The cathode-ray tube beam will be momentarily deflected 
upwardly by the signal coupled directly through crystal 
169. The square wave output pulse of gate 162 cannot 
appreciably charge capacitor 164, since the low-pass filter 
operates beyond cutoff for such high-frequency transients. 
If we failed to provide filter resistor 167, then capacitor 
164 would store the peak value of the pulse. Since the 
capacitor 64 would not be discharged by reset circuit 
175 until the next pulse from oscillator 132, the spot 
would remain in such position, creating a gap in informa 
tion about the ocean floor at distances beyond such object. 
In order to preserve continuity in ocean floor information 
at ranges beyond that of such other object, low-pass filter 
resistor 167 is provided to prevent the sudden unilateral 
charging of capacitor ió4. The high-frequency transient 
pulse representing another object is coupled directly 
through crystal 169, thereby to bypass the low-pass filter 
comprising resistor 2.67 and capacitor 164. By means of 
a sonar return amplitude keying of the intensity grid and 
the color grid, as in FIGURE 4, such other object will 
clearly appear as a bright, colored spot. Crystal 169 
prevents output loading of filter capacitor 164 when the 
far side of a ridge has a shallow slope and thus is not in 
sonar shadow. Crystal 171 prevents the backwards 
charging of capacitor 164 when a pulse occurs which 
represents another submarine or a surface ship. Be 
cause of the simultaneous return from the ocean floor an 
other object will be presented slightly below its true depth. 
But the error will generally be insignificant since returns 
from the ocean floor will usually be small compared with 
the return from the surface ship or another submarine 
or a mine. The Square wave pulse representing another 
object will cause only a momentary gap in ocean floor 
information. This creates a black spot in the presentation 
at the same distance as the object. By comparing the 
position of this black spot with the illuminated range 
lines, the distance of the other object is readily determined. 
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By some additional circuitry, the depth of the ocean 
floor or the altitude of the terrain may be shown stabilized 
relative to some target, rather than relative to the sub 
marine or aircraft. This involves tracking the target in 
range, elevation, and azimuth. The computed depth or 
altitude of the craft above the terrain would be sub 
tracted in a differencing circuit from the computed depth 
or altitude of the craft above the target. These altitude 
differences would be coupled through a gate to the ver 
tical deflection display input. This gate would be con 
trolled by the computed range to the target, thereby to 
pass information about terrain lying beyond the target. 

In radar applications, the horizon may be from fifteen 
to one hundred miles distant from an aircraft. At such 
distances, a small error in measurement of (c.--5) rela 
tive to a horizontal plane will result in a large error 
in altitude. Such errors in measurement may well be in 
troduced from the gyro horizon itself due to extraneous 
erection accelerations from maneuvers. Furthermore, be 
cause of earth curvature, the horizon may be several thou 
sand feet below a plane tangent to the earth's surface im 
mediately below an aircraft. Thus the horizon may not be 
presented in the picture; and, if it is presented, there may 
be considerable error in its positioning. In Sonar applica 
tions, because of limited range, no signal from the horizon 
can ever be received. Accordingly, we must generate 
some Zero altitude or zero depth signal to present on the 
picture a reference line corresponding to an artificial 
horizon. The oscillator output pulses on conductor 82 
are coupled to a zero altitude or Zero depth calibration 
circuit i73, which generates a predetermined voltage cor 
responding to zero depth only in response to pulses from 
oscillator 132. The output of zero calibration circuit 73 
is coupled to the first input of adder 177. Thus during a 
transmitted pulse, while capacitor 64 is being discharged 
by reset circuit 175, the display tube spot will be deflected 
to a zero depth reference position. The output of cali 
bration circuit 73 may also be impressed on the intensity 
and color grids of the display tube so that a bright, colored 
reference line will be produced representing a zero depth, 
artificial horizon. The depth of underwater ridges may 
now be compared with the calibration line. If a high 
lighted underwater ridge is presented above the artificial 
horizon line, then the pilot of the submarine will apprec 
iate the possibility of collision unless evasive action is 
taken. The pitch signal from gyro 6 causes the whole 
presentation to move upwardly when the Submarine dives 
and to move downwardly when the submarine rises. 
Hence attitude information, including both pitch and roll, 
is presented. Since the whole picture moves up or down, 
the distance between underwater ridges and the artificial 
horizon line will remain constant during changes in pitch 
attitude. 

It will be appreciated that we may provide a radar 
system having an altitude display, rather than an eleva 
tion angle display, by substituting in FIGURE 4 the ap 
propriate circuits shown in FIGURE 5. We may provide 
a sonar system having an elevation angle display, rather 
than a depth display, by substituting in FIGURE 5 the 
appropriate circuits shown in FIGURE 4. Furthermore, 
a signal proportional to the phase difference angle Ags may 
be obtained either by a balanced phase detector, as in 
FIGURE 4, or by a dividing circuit for obtaining the 
quotient of a vector sum and a vector difference signal, 
as in FIGURE 5. 

It will be seen that we have accomplished the objects 
of our invention. We have provided a radar, terrain 
viewing system which presents the pilot with a familiar 
picture. The presentation afforded by our system re 
quires little interpretation. 
There is no degradation in the performance of our sys 

tem as the radar beam approaches the crest of an obstacle 
or the horizon. 
We have provided a sonar, terrain-viewing system which 

presents a familiar and continuous and readily interpreted 
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picture without gaps or holes due to sonar shadow caused 
by underwater ridges and obstructions. 

It will be understood that certain features and subcom 
binations are of utility and may be employed without ref 
erence to other features and Subcombinations. This is 
contemplated by and is within the scope of our claims. 
It is further obvious that various changes may be made 
in details within the scope of our claims without depart 
ing from the spirit of our invention. It is, therefore, to 
be understood that our invention is not to be limited to 
the specific details shown and described. 

Having thus described our invention, what we claim is: 
1. A terrain-viewing system including in combination 

a display tube providing a normally illuminated spot, 
means for transmitting signals in a downward directed 
pattern which is a vertical and substantially knife-like 
plane subtending a small azimuthal angle, a pair of re 
flected signal sensors disposed in a vertical plane, and 
means responsive to both reflected signal sensors for ver 
tically sweeping the illuminated spot in an upward di 
rection. 

2. A terrain-viewing system including in combination 
a display tube providing a normally illuminated spot, 
means for transmitting signals in a downwardly-directed 
pattern which is a vertical and substantially knife-like 
plane Subtending a small azimuthal angle, a pair of re 
flected signal sensors disposed in a vertical plane, means 
responsive to both reflected signal sensors for providing 
a control voltage varying as a function of the phase angle 
between the reflected signals received by said sensors, 
and means responsive to the control voltage for vertically 
SWeeping the illuminated spot in an upward direction. 

3. A terrain-viewing system including in combination 
a display tube having a vertical deflection input terminal, 
means for transmitting signals in a directional pattern 
which is a vertical and substantially knife-like plane sub 
tending a small azimuthal angle, a first reflected signal 
Sensor and a second reflected signal sensor both disposed 
in a vertical plane, a first limiter responsive to the first 
Sensor, a second limiter responsive to the second sensor, 
means responsive to the first and second limiters for pro 
viding a control voltage varying as a function of the phase 
angle between the reflected signals received by the first 
and Second sensors, a gating circuit having an input and 
an Output, a Voltage storage circuit having an input and 
an output, means coupling the control voltage to the input 
of the gating circuit, means coupling the output of the 
gating circuit to the input of the voltage storage circuit, 
means coupling the output of the voltage storage circuit 
to the vertical deflection input terminal, and means re 
Sponsive to the first and second limiters for actuating 
the gating circuit. 

4. A terrain-viewing system including in combination 
a display tube providing an illuminated spot and having 
a Spot intensity input terminal, means for transmitting 
signal pulses in a directional pattern which is a vertical 
and Substantially knife-like plane subtending a small azi 
muthal angle, a pair of reflected signal sensors disposed 
in a vertical plane, means responsive to both reflected 
signal sensors for vertically deflecting the illuminated spot, 
means for generating a voltage which decays with time, 
means responsive to transmitted signal pulses for syn 
chronizing the decaying voltage generating means, and 
means coupling the decaying voltage generating means to 
the spot intensity input terminal. 

5. A terrain-viewing system including in combination 
a display tube providing an illuminated spot and having a 
Spot intensity input terminal, means for transmitting sig 
nal pulses in a directional pattern which is a vertical and 
Substantially knife-like plane subtending a small azimuthal 
angle, a first reflected signal sensor and a second reflected 
signal Sensor both disposed in a vertical plane, means re 
Sponsive to the first and second reflected signal sensors 
for vertically deflecting the illuminated spot, range gate 
generating means for providing voltage pulses at predeter 
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mined time intervals, means responsive to transmitted sig 
nal pulses for synchronizing the range gate generating 
means, and means coupling the range gate generating 
means to the spot intensity input terminal. 

6. A terrain-viewing system including in combination 
a display tube providing a normally illuminated spot and 
having an input terminal of the type comprising an in 
tensity control input terminal and a color control input 
terminal, means for transmitting signals in a downwardly 
directed pattern which is a vertical and substantially knife 
like plane subtending a small azimuthal angle, a pair of 
reflected signal sensors disposed in a vertical plane, means 
responsive to both reflected signal sensors for vertically 
Sweeping the illuminated spot in an upward direction, and 
means responsive to the amplitude of reflected signals re 
ceived by at least one of the sensors for coupling a con 
trol voltage to the input terminal. 

7. A terrain-viewing system including in combination 
a display tube providing a normally illuminated spot, 
means for transmitting signals in a downwardly directed 
pattern which is a vertical and substantilly knife-like plane 
subtending a small azimuthal angle, a first reflected signal 
Sensor and a second reflected signal sensor both disposed 
in a vertical plane, a first limiter responsive to the first 
sensor, a Second limiter responsive to the second sensor, 
a balanced phase detector responsive to the first and sec 
ond limiters, and means responsive to the balanced phase 
detector for vertically sweeping the illuminated spot in 
an upward direction, 

8. A terrain-viewing system for a craft including in com 
bination a display tube providing a normally illuminated 
spot and having a horizontal deflection input terminal, 
means mounted on the craft for transmitting signals in 
a downwardly directed pattern which is a vertical and 
substantially knife-like plane subtending a small azimuthal 
angle, a pair of reflected signal sensors disposed in a verti 
cal plane, means responsive to both signal sensors for 
vertically sweeping the illuminated spot in an upward di 
rection, means for moving the transmitted signal pattern 
azimuthally relative to the craft, and means responsive to 
the azimuthal motion of the transmitted signal directional 
pattern for coupling a voltage to the horizontal deflection 
input terminal. 

9. A terrain-viewing system for a craft including in 
combination a display tube providing an illuminated spot 
for presenting a picture, means mounted on the craft for 
transmitting signals in a directional pattern which is a 
vertical and substantially-knife-like plane subtending a 
Small azimuthal angle, a pair of reflected signal sensors 
mounted on the craft and disposed in a vertical plane, 
means responsive to both reflected signal sensors for verti 
cally deflecting the illuminated spot, roll stabilizing means 
for maintaining both the transmitted signal directional 
pattern and the reflected signal sensors in vertical planes, 
and means responsive to the roll stabilizing means for ro 
tating the picture presented on the display tube. 

10. A terrain-viewing system including in combination 
a display tube providing a normally illuminated spot, 
means for transmitting signals in a downwardly directed 
pattern which is a vertical and substantially knife-like 
plane Subtending a small azimuthal angle, a first reflected 
signal sensor and a second reflected signal sensor both dis 
posed in a vertical plane, a first limiter responsive to the 
first sensor and providing an output, a second limiter re 
sponsive to the second sensor and providing an output, 
means responsive to the first and second limiters for pro 
viding a difference signal equal to the vector difference 
between the outputs of the first and second limiters, means 
responsive to the first and second limiters for providing a 
sum signal equal to the vector sum of the outputs of the 
first and second limiters, quotient circuit means for divid 
ing the difference signal by the sum signal, and means 
responsive to the quotient circuit means for vertically 
sweeping the illuminated spot in an upward direction. 

11. A terrain-viewing system for a craft including in 
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4. 
combination a display tube providing an illuminated spot, 
means for transmitting signal pulses in a directional pat 
tern which is a vertical and substantially knife-like plane 
subtending a small azimuthal angle, a pair of reflected 
signal sensors mounted on the craft and disposed in a 
vertical plane, means responsive to the reflected signal 
sensors for providing a first voltage which varies generally 
linearly with the angle between the instantaneous center 
of return of reflected signals and a horizontal plane, means 
generating a second voltage which increases generally 
linearly with time, means responsive to transmitted signal 
pulses for synchronizing the second voltage generating 
means, product circuit means for multiplying the first 
voltage by the second voltage, and means responsive to 
the product circuit means for vertically deflecting the ill 
luminated spot. 

12. A terrain-viewing system for a craft having a longi 
tudinal axis including in combination a display tube pro 
viding a normally illuminated spot, means for transmit 
ting signal pulses in a downwardly and forwardly directed 
pattern which is a vertical and substantially knife-like 
plane subtending a small azimuthal angle, means for re 
ceiving reflected signals, and means responsive to the 
angle between the instantaneous center of return of terrain 
reflected signals and the longitudinal axis of the craft for 
vertically deflecting the illuminated spot. 

13. A terrain-viewing system for a craft including in 
combination a display tube providing a normally illumi 
nated spot, means for transmitting signal pulses in a down 
wardly directed pattern which is a vertical and substan 
tially knife-like plane subtending a small azimuthal angle, 
means for receiving reflected signals, and means responsive 
to the vertical distance between the instantaneous center 
of return of terrain-reflected signals and a horizontal 
plane through the craft for vertically deflecting the ill 
luminated spot. 

14. A terrain-viewing system for a craft including in 
combination a display tube having a vertical deflection 
input terminal, means for transmitting signal pulses in 
a directional pattern which is a vertical and substantially 
knife-like plane-Subtending a small azimuthal angle, 
means for receiving reflected signals, means responsive 
to the vertical distance between the instantaneous center 
of return of reflected signals and a horizontal plane 
through the craft for providing a control voltage, a gating 
circuit having an input and an output, means coupling 
the control voltage to the input of the gating circuit, a 
low-pass filter circuit having an input and an output and 
including a voltage storage element, a unilateral im 
pedance, means including the unilateral impedance for 
coupling the output of gating circuit to the input of the 
low-pass filter, means coupling both the output of the 
gating circuit and the output of the low-pass filter to the 
vertical deflection input terminal, means responsive to 
transmitted signal pulses for resetting the voltage storage 
element, and means responsive to the amplitude of re 
flected signals for actuating the gating circuit. 

15. A terrain-viewing system for a craft including in 
combination a display tube having a vertical deflection 
input terminal, means for transmitting signal pulses in 
a directional pattern which is a vertical and substantially 
knife-like plane-subtending a small azimuthal angle, 
means for receiving reflected signals, pitch stabilizing 
means for determining a horizontal plane through the 
craft, means responsive to the vertical distance between 
the instantaneous center of return of reflected signals and 
the horizontal plane determined by the pitch stabilizing 
means for providing a control voltage, means responsive 
to transmitted signal pulses for providing a predetermined 
voltage, means responsive to the pitch stabilizing means 
for providing a pitch voltage, and means coupling the 
vertical distance control voltage and the predetermined 
voltage and the pitch voltage to the vertical deflection 
input terminal. 

16. A terrain-viewing system for a craft including in 
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combination a display tube providing an illuminated spot, 
means mounted on the craft for transmitting signal pulses 
in a directional pattern which is a vertical and substan 
tially knife-like plane subtending a small azimuthal angle, 
a pair of reflected signal sensors, means responsive to 
the phase angle between reflected signals received by 
the pair of sensors for vertically deflecting the spot, means 
for moving the transmitted signal directional pattern 
azimuthally relative to the craft and for horizontally 
deflecting the spot as a function of such relative azimuthal 
motion, and means for controlling the intensity of the 
illuminated spot independently of the amplitude of re 
flected signals. 

17. A terrain-viewing system for a craft having a 
longitudinal axis including in combination a display tube 
providing an illuminated spot, means for transmitting 
signal pulses in a directional pattern disposed in a vertical 
plane and Subtending a small azimuthal angle, means 
responsive to the angle between the instantaneous center 
of return of reflected signals and the longitudinal axis 
of the craft for providing a control signal, a gate, a 
signal storage circuit, means including the gate for cou 
pling the control signal to the storage circuit, means 
responsive to the storage circuit for vertically deflecting 
the illuminated spot, and means responsive to the am 
plitude of reflected signals for actuating the gate. 

18. A terrain-recording system including in combina 
tion a recording area, means for exciting a spot in the 
area with a nominally constant intensity, and means for 
causing the excited spot to scan the area at a speed vary 
ing as a function of the slope of terrain. 

19. An information recording system including in com 
bination a recording area, means for exciting a spot in 
the area, a signal source providing a variable output in 
accordance with the information to be recorded, and 
means responsive to said output for causing the excited 
Spot to Scan the area at varying instantaneous sweep 
rates. 

20. An information recording system including in 
combination a recording area, means for exciting a spot 
in the area, means for causing the excited spot to scan 
the area, a signal source providing a variable output in 
accordance with the information to be recorded, and 
means responsive to said output for varying the instan 
taneous Sweep rate of the scanning means. 

16 
21. An information recording system including in 

combination a recording line, means for exciting a spot 
on the line, a signal source providing a random and 
widely variable and relatively high frequency output in 

5 accordance with the information to be recorded, and 
means responsive to said output for causing the excited 
spot to Scan the line at varying instantaneous sweep rates. 

22. An information recording system including in 
combination a recording line, means for exciting a spot 

10 on the line, a signal source providing a variable output 
in accordance with the information to be recorded, and 
means responsive to said output for causing the excited 
Spot to Scan the line at varying instantaneous sweep rates. 

23. An information recording system including in 
5 combination a recording line, means for exciting a spot 

on the line, a signal source providing a variable output 
in accordance with the information to be recorded, means 
for causing the excited spot to scan the line, and means 
responsive to said output for varying the instantaneous 

20 SWeep rate of the scanning means. 
24. An information recording system including in 

combination a recording area, means for exciting a spot 
in the area, a signal source providing a random and 
Widely variable and relatively high frequency output in 

25 accordance with the information to be recorded, and 
means responsive to said output for causing the excited 
Spot to scan the area at varying instantaneous sweep 
rateS. 
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